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Introduction 
It was initiaUy hypothesized that advanced 

ceramics would exhibit favorable high te- 
friction and wear properties because of their high hot 
hardness and low achievable surface roughness 

welding observed in metals does not OCCUT in ceramics. 
More recent tribological stodies of many nihide, 
carbide, oxide and composite ceramics, however, have 
revealed that ceramics often exhibit high friction and 
wear in non-lubricakd, high temperahxe sliding 
contacts [2 to 51. Table 1 sDlIllDarizes m u r e d  
friction and wear factor coefficients for a variety of 
ceramics from self mated ceramic pin-on-disk tests at 
temperatures from 25 to up to 1200 “C. Observed steady 
state friction coefficients m g e  from about 0.5 to 1.0 or 
above. Wear factor coefficients are also very high and 
range from about to l~ ’mm~/~- -m.  BY comparison, 
oil lubricated steel sliding rtsuits m friction coefficients 
of 0.1 or less and wear factas less than lo4 mm3/N-m. 

Microscopic analyses of worn d c  surfaces 
reveal two major modes of wear: brittle fr;ictnre and 
tribxidative wear. High iiiction coefficients during 
sliding generate high tensile stresses in the wake of the 
contact area [6]. If sufficieatly large flaws exist, cracks 

formation (F5gure 1). Brittle wear predominates at lower 

brittle behavior is a common featnre for oxide m a t a i a l s  
like alumina. Nitride and carbide containjng ceramics 
sliding at high temperame in air form complex and 
often glassy oxide. surface l a p  which are removed by 
the sliding counter-face revealing fresh, non-oxidized 
surfaces. These then oxidize resulting in an oxidative 
type wear process. The wear debris from tbese tests is 
often characmmd . by smeared oxide layers and 
sometimes even ”rolled np” layered d e b  (Figure 2). 

characteristics [l]. Finthe€, localized asperity tip 

form, grow and nltimately lead to faceted wear debris 

temperatures for all ceramics and at high t empamm 

Tabk 1. Friaim d wcarsunrmary for-slidingofar;lmics 
I PinlDist I Fliaim 1 wear I 

cer;rmics possess useful thmal,  physid and 
chemical ppoperCes and can be used provided heir 
shortcomings are accoIllIllodated For instance, oil 
lub_ricatedsilicon m t d e  is successful infUe1m* mi 
hybnd ball bearing. As research efforts progress, 
advanced ceramics willfindevghmasing applications m 
engineering andtectmology. 

Fig. 1 TEM photoniicrograph of faEaed wear debris foilowing 
room tempaatrne slidmg of an Al@+C, whisker reiuforced 

Fig. 2 Ceramic w e a ~  dcbpis fopmd frovn oxide layer reanoval on 
&03-SiC, disk specimen following 1200 “C sliding in air [41. 
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